Background. Many researchers have speculated that markers of malnutrition such as albumin, prealbumin, cholesterol, and transferrin are influenced by inflammation. The mechanism of this interaction has not been well understood.
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ALNUTRITION is a common problem in elderly adults and is associated with excess morbidity and mortality (1) (2) (3) . The diagnosis of malnutrition depends upon history, anthropometric measurements (body mass index, skinfold measurements), dietary measurements (calorie counts), and laboratory data. Serum albumin is the most commonly used laboratory variable, and total lymphocyte count and cholesterol are also commonly used. Less frequently used indicators of protein-energy malnutrition include prealbumin, transferrin, hemoglobin/hematocrit, retinol binding protein, insulin-like growth factor I, and nitrogen balance studies (4) (5) (6) (7) (8) (9) . Many of these indicators (albumin, prealbumin, and transferrin) are known to be affected by acute illness, but the mechanism has not been understood.
The synthesis of albumin decreases during fasting (10) . Serum levels decrease with fasting in hospitalized patients (11) and in animals fed a low protein diet with adequate calories (12) . In fasting without concomitant disease, serum albumin levels may be slightly reduced or normal (13, 14) . In critically ill surgical patients, serum albumin will increase in response to nutritional support in some patients and decrease in others (7) . A similar experience has been shown in ventilator patients. With aggressive nutritional support, some patients show an increase in albumin, whereas others show a decline (15) .
Albumin levels are also influenced by stress such as surgery, hypothermia (16) , and inflammation (17, 18) . In fact, albumin, prealbumin, and transferrin are negative acute phase reactants (19) . The acute phase response is mediated by several cytokines, including tumor necrosis factor-a (TNF-a), interleukin-1 (IL-lp) and IL-6. Other cytokines play a role in the immune response, most notably IL-2, which is necessary for normal T cell function. The IL-2 receptor (IL-2R) is also important for T cell function, and the soluble form (sIL-2Ra, also known as p55, T nc , or CD 25) is readily measured in human serum.
Hypoalbuminemia is common in elderly hospitalized patients and is associated with excess morbidity and mortality (20, 21) . We and others have shown that hypoalbuminemia occurs frequently in geriatric rehabilitation patients (22) . We found that serum albumin predicted institutionalization whereas body mass index (BMI) did not, although both are indicators of nutritional status. To explain this discrepancy, we postulated that inflammation influences serum albumin level in some of these patients. Subsequently, inflammation may affect our nutritional assessment rather than the patient's actual nutritional status. Therefore, we mea- The subject's weight, height, triceps skinfold, and midarm circumference were obtained upon admission to the GRDPU. All skinfold measurements were obtained by the same investigator (A.J.R.). Body mass index, midarm muscle area, and percent of the median for triceps skinfold, midarm circumference, and midarm muscle area were calculated by using the Compu-Cal calculator (Compu-Cal, Olympia, WA). Charts were reviewed to determine the primary diagnosis and history of recent infection (within 3 weeks) for each subject.
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A dietitian evaluated all subjects upon enrollment using a standard VA scale as described in the appendices. A 3-day calorie count was initiated 1 day after enrollment. Intake was recorded by the dietician, nursing staff, and the investigators.
Upon enrollment, fasting blood was drawn for evaluation of serum albumin, cholesterol, prealbumin, transferrin, hemoglobin, hematocrit, Westergren sedimentation rate (ESR), C-reactive protein (CRP), total lymphocyte count (TLC), and fibrinogen. Serum for cytokine assays was frozen immediately at -70°C. Samples were stored in triplicate to avoid excess freeze-thaw cycles.
For all cytokine assays, samples were thawed at room temperature. TNF-a, IL-ip, and IL-6 were assayed using Biokine kits (T Cell Diagnostics, Woburn, MA; sensitivities 10 pg/ml, 4.3 pg/ml, and 45 pg/ml, respectively). IL-2 and sIL-2R (a subunit) were also assayed (Genzyme, Cambridge, MA; sensitivity for both 100 pg/ml). Each assay was run in duplicate or two separate days. All plates were read on the Softmax Molecular Devices (Mountain View, CA) kinetic microplate reader.
Frequencies were analyzed for demographic data. Pearson's correlation and multiple regression analyses were used to test relationships between measures of nutrition and inflammation. Multivariate analysis was used to test the relationship between all cytokines and albumin. Software from SPSS (Chicago, IL) was used to perform the analysis.
RESULTS

Demographics and Clinical Data
One hundred forty-five patients were screened between August 1993 and August 1994. Twelve refused to participate. Consent could not be obtained from another 30 patients. Two were excluded for liver disease and 21 for renal disease. Eight were excluded because they were younger than 60 years old. No women were admitted during the enrollment period. Of the 145 patients screened, 72 men were enrolled. The initial 45 enrolled were consecutive, and the final 27 constituted a convenience sample.
The average age was 73.5 years. The majority of patients (.78) were admitted to the hospital from home. The most common admitting diagnoses were infectious, followed by neurologic and cardiovascular. Nine patients (.13) had a primary diagnosis of cancer. Thirty-nine patients (.54) had an infection within 3 weeks of data collection. Infection was most commonly urinary (.50) or pulmonary (.26). Of the 39 patients with infection, only 14 had fever greater than 100.5°F or white blood counts greater than 10,000/uL. Average length of stay prior to transfer to the GRDPU was 21 days, and mean length of stay on the GRDPU was 40 days (range, 1-129). Twenty-six (.38) were discharged to a nursing home.
Nutritional Status
Many subjects had a history of acute or chronic weight loss. Fifteen patients (.21) lost 5-10% of their usual weight 1 month prior to enrollment, and seven (.10) lost >10% during the same time period. Eighteen patients (.25) lost 10% or more of their usual weight over the 6 months prior to enrollment.
Nutritional status was determined by the dietitian using criteria from Appendix A. Twenty-three (.32) were mildly compromised, 30 (.42) were moderately compromised, and 19 (.26) were severely compromised. Nutritional class was also determined. Nine patients (.13) were diagnosed with severe protein-calorie malnutrition (kwashiorkor, see Appendix B). Nearly half of the patients required some assistance with feeding. Average caloric intake was 1579 kcal/day, and average protein was 64.0 g/day. A summary of anthropometric measurements is shown in Table 1 .
Laboratory Analysis
Laboratory results are summarized in Tables 2 and 3 . For cytokine assays, standard curve correlation was at least .99 for all assays. Controls included in kits for sIL-2R were within 4% of each other and within the expected range provided by the manufacturer.
Cytokines were correlated with laboratory measures of malnutrition. Regression analysis correcting for age revealed a strong inverse relationship between serum albumin, prealbumin, cholesterol, transferrin, hemoglobin, and sIL-2R (Figure 1 ). Because the two highest values of sIL-2R must be viewed as outliers, the analysis was repeated after elimi- There was no relationship between nutritional markers and TNF-ot, IL-1|3, IL-6, and IL-2. On multivariate analysis, only the sIL-2R (of all five cytokines) was related to serum albumin (p = .046). No significant relationship was found between any of the cytokines and total lymphocyte count. None of the cytokines were associated with caloric intake or skinfold measurements. BMI correlated with TNF-a (r = .270, p = .022) but not with the other cytokines. Associations between anthropometric and laboratory data are shown in Table 4 .
Soluble IL-2R was compared to other serum markers of inflammation. There was a positive correlation between sIL-2R and CRP (r = .436, p < .0001) and also fibrinogen (r = .259, p = .028). There was no significant relationship between ESR and sIL-2R. DISCUSSION We found an inverse relationship between sIL-2R and many serum measures of malnutrition, specifically serum albumin, prealbumin, cholesterol, transferrin, and hemoglobin. This study suggests that inflammation affects nutritional assessment and not necessarily nutritional status. If sIL-2R reflects inflammation, a diagnosis of malnutrition that depends on albumin, prealbumin, cholesterol, and/or transferrin should be made with caution. Many plasma protein levels are altered in the course of infectious disease and stress. Serum albumin, prealbumin, and transferrin are negative acute phase reactants and therefore decrease during the acute phase response (APR). Genes associated with the APR are regulated by TNF, IL-1, and IL-6 (23, 24) . Several studies have evaluated the relationship between these cytokines and serum proteins. Henning et al. (25) found that rabbits infused with TNF developed hypoalbuminemia. This was thought to be due to TNF-induced endothelial cell injury resulting in increased endothelial permeability to albumin. In another study, mice given a monocyte product (crude secretory products of stimulated monocytes) and IL-1 had a significant decrease in plasma albumin (26) . Elevated levels of IL-6 were associated with reduced serum albumin in a study of cancer patients (27) . Human hepatocytes incubated with IL-6 reduced albumin synthesis by 50% (28, 29) . IL-2 does not play a key role in the APR. However, infusion of IL-2 in cancer patients lowers serum albumin (30) . The relationships between sIL-2R and albumin, prealbumin, cholesterol, and transferrin have not been previously studied.
Soluble IL-2R levels increase with cancer, autoimmune disease, infection, and age (31) . The mechanism of this increase is not well understood. Whether sIL-2R has a direct effect on tissues or merely reflects IL-2 activity is also not known. It is interesting to note that the ability to produce IL-2 and sIL-2R in response to stimulation declines with age (32) .
Although many researchers have questioned the value of serum albumin in diagnosing malnutrition in hospitalized patients, it is still commonly used (4, 6, 13, 17) . Both albumin and cholesterol are components of the Nutrition Screening Initiative (9) , and albumin and total lymphocyte count are part of most VA Medical Center assessments. The Mini Nutritional Assessment (developed and used primarily in Europe) does not include laboratory measurements (33) . Careful diagnosis of malnutrition is important because this is a treatable condition. Conversely, it may be inefficient to supply nutritional support to patients who are not actually malnourished.
There are several limitations to this study. First, the sample size of 72 is small. Second, activity of the immune system is complex and difficult to ascertain. Serum levels of cytokines may not reflect tissue activity. Some cytokines assayed are often not detectable in normal samples and, therefore, may not be good indicators of subacute inflammation. For some cytokines (particularly IL-6), the kit used may not have been adequately sensitive. Third, the exact nature and role of sIL-2R is not yet well understood. Although our correlation shows an association between nutritional markers and sIL-2R, further studies are required to demonstrate that inflammation is a cause of low nutritional markers. Finally, this study was limited to older hospitalized men. Further studies will be needed to test the relationship between sIL-2R and biochemical indices in other populations.
To our knowledge this is the first study to find a relationship between sIL-2R and albumin, cholesterol, prealbumin, and transferrin. Because all of these markers are hepatically produced, we speculate that IL-2 or sIL-2R affect hepatic metabolism.
In conclusion, this pilot study suggests that the presence of inflammation may increase the incidence of hypoalbuminemia and hypocholesterolemia, potentially leading to an overdiagnosis of malnutrition in hospitalized patients. We suggest that these markers be interpreted with caution in the nutritional assessment of older hospitalized patients. In the future, inflammation might be factored out of serum nutritional markers such as albumin, prealbumin, and cholesterol, which could make the diagnosis of malnutrition more accurate. Albumin, cholesterol, and hemoglobin are common laboratory tests not just used to diagnose malnutrition. Interpretation of these tests should be made with the understanding that they may be influenced by inflammation. Further study will improve our knowledge of the impact of inflammation on albumin, prealbumin, transferrin, hemoglobin, and cholesterol.
